ABSTRACT The acetylcholine receptor from denervated rat skeletal muscle was purified by affinity chromatography and, after reduction, was treated with the affinity alkylating agent 4(N-maleimido)benzyltri[3H]methylammonium iodide. The receptor specifically incorporated approximately 1 mol of alkylating agent per mol of "251-labeled a-bungarotoxin bound. Analysis of the labeled rece tor by polyacrylamide gel electrophoresis in sodium dodecyI sulfate showed that two subunits were labeled; their apparent molecular weights were 45,000 and 49,000. These results suggest that the affinity reagent labels a second site for acetylcholine binding in the muscle receptor that is not labeled in receptors from Electrophorus or Torpedo.
Receptors that bind the neurotransmitter acetylcholine (ACh) and mediate a change in ion permeability of the subsynaptic membrane have been isolated and purified from the electroplax tissues of the electric eel Electrophorus and the marine ray Torpedo. In both cases, the subunit composition of the purified receptors is complex, consisting of two to four different polypeptides (reviewed in ref. 1) . One approach to the identification of the function of each of these subunits has been the use of affinity reagents directed against the ACh binding site associated with the ionic permeability change mediated by the receptor. One of these reagents, 4-(N-maleimido)benzyltri[3H]-methylammonium iodide ([3H]MBTA), specifically alkylates a sulfhydryl group within about 1 nm of the binding site of the reduced Electrophorus receptor (2) . This reagent binds to a single subunit in both Electrophorus and Torpedo receptors, thus identifying these subunits as bearing part or all of the ACh binding site. In each case, the subunit has an apparent molecular weight of approximately 40,000 and is the subunit of lowest molecular weight (3) (4) (5) .
Because of the small amounts of purified protein that can be obtained, little information is available concerning either the subunit structure or the ACh binding site(s) of the receptor from mammalian muscle. We report here the subunit composition of highly purified ACh receptor from denervated rat leg muscle and the affinity alkylation of 7 .4/50 mM NaCI/0.1 mM PMSF/1% Triton), 100 ml of buffer B containing 1 M NaCl, and 50 ml of buffer B. Approximately 0.8 column volume of 0.4 M a-methylmannoside in buffer A containing 3% Triton was added to the column. After at least 24 hr, the column was eluted with 1 column volume of a-methylmannoside solution and the eluate was dialyzed overnight against 1 liter of buffer C (10 mM Tris-HCI, pH 7.4/1 mM EDTA/0.1 mM PMSF/1% Triton).
A column of cobrotoxin-Sepharose 4B (6) (0.30 ml in a 1-ml plastic syringe) was washed with buffer B containing 1 M NaCl and equilibrated with buffer C. The Con A-Sepharose eluate was passed through the column twice at 5-8 ml/hr, which removed 80-90% of the toxin-binding activity from the solution. The column was then washed with 1 ml of buffer B, 1 ml of buffer B containing 1 M NaCl, and 1 ml of buffer B and then eluted for 30 min with 0.4 ml of 1 M carbamylcholine chloride in 50 mM Tris-HCI, pH 8.6/1 mM EDTA/1 mM EGTA/0.1 mM PMSF/1% Triton. Carbamycholine was removed by extensive dialysis against buffer D (0.2% Triton X-100/50 mM NaCI/10 mM sodium phosphate/I mM EDTA/3 mM NaN3, (9) was used with minor changes. For experiments using sodium dodecyl sulfate (NaDodSO4)/ polyacrylamide gel electrophoresis, the procedure was modified as follows. A solution containing purified ACh receptor (50-100 pmol in 100-200 pAI) and, in some cases, PMSF and Pepstatin was incubated at 230 for 10 min (or, in one experiment, at 40 for 60 min) with an equal volume of 0.4 mM dithiothreitol in 0.2% Triton/150 mM NaCI/20 mM Tris-HCI, pH 8.3/1 mM EDTA/3 mM NaN3. One-tenth volume of 0.53 M sodium phosphate buffer, pH 6.7 was added, 400 ,l of 5 ,gM [3H]MBTA was added, and the solution was incubated for 1 min at 230. The sample was then chilled on ice and 20 ,Al 0.1 M 2-mercaptoethanol was added. In control experiments the receptor was incubated with cobrotoxin (4 ig/ml) after reduction. After addition of 50 jzg of polyaspartic acid, the sample was dialyzed against 1 liter of 10 mM Tris-HCI, pH 7.4/1% Triton for 1 hr at 4°. Protein was precipitated with 10 volumes of acetone at -20°for 15 min, collected by centrifugation, and redissolved in NaDodSO4/electrophoresis sample buffer (60,u) by boiling for 5 min.
Electrophoresis and Fluorography. NaDodSO4/polyacrylamide gel electrophoresis was performed in a slab gel according to Laemmli (10) with minor modifications. The sample buffer contained 3.5% NaDodSO4 and 5% 2-mercaptoethanol and the acrylamide concentration in the separation gel was 9%. Standards used for molecular weight determinations were phosphorylase a (94,000), bovine serum albumin (68,000), pyruvate kinase (57,000), fumarase (49,000), aldolase (40,000), D-amino acid oxidase (37,000), and glyceraldehyde dehydrogenase (36,000). Because the polypeptide components of the ACh receptor are probably glycoproteins, the molecular weights determined by using these standards are provisional. Staining and destaining with Coomassie brilliant blue was performed according to Fairbanks et al. (11) . After destaining, the gel was scanned with a densitometer or photographed and then prepared for fluorography as described by Bonner Fig. 2 as a shoulder(s) of the peak at 51,000 daltons. Analysis of preparations comparable to those in Figs. 1 and 2 indicates that over 90% of the protein corresponds to receptor (13) . Further purification by sucrose density gradient centrifugation decreases but does not eliminate the 56,000 dalton component, and the relative amounts of the other polypeptides remain virtually constant (13) .
Initial experiments were performed with the method of Karlin et al. (9) Fig. 1 (lane b) ], bands of radioactivity were observed corresponding to molecular weights of 49,000, 45,000, 42,000, and 39,000. All of these bands were eliminated by prior incubation with purified a-neurotoxin from cobra venom. It appears, however, from a comparison of gels stained with Coomassie brilliant blue before and after the reduction and alkylation reactions [ Fig. 1 (lanes a and c) (-) receptor. The same sample was used for both analyses. Alkylation was performed for 1 min at 230 after reduction for 10min at 230 in the presence of protease inhibitors.
the presence of protease inhibitors, either at 40 for 60 min or at 23°for 10 min, and the time of alkylation was decreased to 1 min, no change in subunit composition after labeling was detected by staining with Coomassie brilliant blue. In both of these experiments, we obtained two peaks of radioactivity. A parallel experiment with receptor from Torpedo gave only one labeled subunit as previously observed.
The results of one of the experiments with the muscle receptor are shown in Fig. 2 . One peak of radioactivity coincided with the 45,000 dalton subunit, and the other occurred at a position corresponding to 49,000 daltons. The latter peak was clearly distinguished from the 51,000 dalton component and appeared most closely aligned with the shoulder of that peak. Similar results were obtained in the other experiment, except that the peak of radioactivity at the higher molecular weight was not sharp enough to allow unequivocal assignment of either (6, 18) , although in the fish receptors it has thus far been possible to identify only one subunit that binds a-neurotoxin (5, 19, 20) . Two classes of binding sites for ACh have been observed for the Torpedo receptor (18, 21, 22) .
A final possibility is that [3H]MBTA labels two classes of receptor molecules, each with a single binding site. It is unlikely that these could correspond to junctional and extrajunctional receptors because isoelectric focusing analysis indicates that the receptor preparation studied in these experiments is at least 90% extrajunctional (N. Nathanson, unpublished data). Further experiments will be required to distinguish the various alternatives.
